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Abstract. The present study aimed to assess improvements 
in liver stiffness determined by transient elastography and 
associated factors in Chinese patients with chronic hepatitis B 
(CHB) during long‑term treatment with oral antiviral drugs. 
A total of 334 consecutive Chinese patients with CHB who 
underwent oral antiviral therapy and received at least two 
liver stiffness measurements (LSMs) at the First Hospital of 
Jilin University (Changchun, China) from December 2012 
to February 2015 were enrolled in the present study. The 
cohort included 201 patients without liver cirrhosis (group 0) 
and 133 patients with liver cirrhosis (group 1). Each patient 
was subjected to LSM twice with an interval of 6 months. 
The mean initial liver stiffness values were 14.01±9.37 and 
21.59±10.25 kPa for patients in group 0 and group 1, respec-
tively (P<0.001). Multivariate analysis revealed that higher 
aspartate aminotransferase and lower alanine aminotrans-
ferase levels at baseline as well as higher α‑fetoprotein levels 
at follow‑up (24 weeks) were associated with a greater decline 
of liver stiffness in group 0. Furthermore, a higher liver stiff-
ness at baseline and a longer course of antiviral therapy prior 
to the initial LSM were significantly correlated with a reduc-
tion of liver stiffness, whereas higher total bilirubin levels at 
follow‑up contributed to increased liver stiffness in group 1. 
In conclusion, LSM at the beginning and the end of a 24‑week 
observation period showed that antiviral drug therapy signifi-
cantly improved in group 1, while a marked decreasing trend 
was also observed in group 0. In group 0, the reduction of liver 
stiffness was correlated with liver inflammation, whereas in 
group 1, it was correlated with the treatment duration prior to 
the initial LSM and serum levels of hepatitis B virus DNA. 

Furthermore, a higher liver stiffness at baseline was associated 
with a greater reduction of liver stiffness in each group.

Introduction

Approximately 2 billion individuals have chronic hepatitis B 
virus (HBV) infection, of whom ~350 million have chronic 
hepatitis B (CHB) (1). Its complications conclude cirrhosis, 
hepatic decompensation and hepatocellular carcinoma. In 
23% of patients with CHB progression to liver cirrhosis occurs 
due to long‑term hepatic necroinflammation. The ultimate 
goal regarding the treatment of CHB is to block the advance-
ment of chronic liver injury to the stages of cirrhosis, hepatic 
decompensation and/or hepatocellular carcinoma (HCC). 
However, it is now commonly known that liver cirrhosis can 
be reversed by treatment with nucleoside/nucleotide analogs 
(NAs), particularly in the early stage (2,3).

Liver fibrosis measurement using transient elastography 
(TE) has gained increasing attention globally. TE utilizes an 
ultrasound (US) transducer attached to the axis of the vibrator 
that generates pulsation featuring a mild amplitude and low 
frequency (50 Hz). The resultant elastic shear wave passes 
through the liver, and detection based on US pulse‑echo tracks 
the dissemination of the shear wave and computes its velocity, 
which is positively proportional to liver tissue stiffness (4‑6).

Five oral drugs are licensed for the treatment of CHB 
infection: Lamivudine (LAM), entecavir (ETV), telbivudine 
(LdT), adefovir dipivoxil (ADV) and tenofovir disoproxil 
fumarate (TDF). The present study evaluated the effects of 
long‑term NA treatment on liver injury and hepatic fibrosis 
in 334 Chinese CHB patients who underwent liver stiffness 
measurement (LSM) twice using FibroScan at baseline and 
at week 24 of the treatment. LSM values in liver cirrhosis 
patients significantly improved and a clear decreasing trend 
was observed in non‑cirrhotic patients after 24 weeks of oral 
anti‑viral therapy.

Materials and methods

Patients. A total of 334 consecutive Chinese CHB patients 
(who were hepatitis B surface antigen‑positive for ≥6 months) 
were enrolled in the present study from December 2012 to 
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February 2015. These patients included 226 (67.7%) patients 
who used ETV, 32 patients (9.6%) patients who used LAM, 
31 patients (9.3%) who used ADV, 18 patients (5.4%) who used 
LdT and 27 patients (8.1%) who used TDF. These patients 
received at least two LSMs at the First Hospital of Jilin 
University (Changchun, China), while being administered oral 
antiviral drugs.

Patients who were positive for antibodies to human immu-
nodeficiency virus or for HCV and patients who had excessive 
alcohol consumption or drug abuse were excluded. In addition, 
patients with a Child Pugh Score of ≥9 or HCC indicated by 
the first abdominal US examination were excluded.

Upon enrollment, each patient was subjected to an initial 
LSM, and a second LSM was performed ~6 months later. 
Liver cirrhosis was identified by ultrasonography.

The recruitment of human participants and the protocol of 
the present study were approved by the Independent Institu-
tional Review Board of the First Hospital of Jilin University 
(Changchun, China). An informed consent form was signed by 
each participant prior to enrollment.

Laboratory tests. All serological, biochemical and virological 
examinations were completed within 5 days prior to LSM. 
Blood samples collected upon admission were subjected to the 
ARCHITECT HBV surface antigen (HBsAg) assay (Abbott 
Laboratories, Chicago, IL, USA); serum hepatitis B e antigen 
(HBeAg) levels were determined using a microparticle enzyme 
immunoassay (ARCHITECT i2000; Abbott Laboratories). 
Furthermore, serum HBV DNA levels were established using 
the COBAS TaqMan HBV test with the High Pure System 
(Roche Molecular Diagnostics, Inc., Pleasanton, CA, USA) at 
a lower detection limit of 15 IU/ml. Serum HBV DNA levels 
were expressed as log10 units. Alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and total bilirubin (TBIL) 
were measured by dry chemistry methods (Johnson & Johnson, 
New Brunswick, NJ, USA). α‑fetoprotein (AFP) was determined 
by chemiluminescence (Roche Molecular Diagnostics, Inc.). 
Prothrombin time (PT) was assessed by a coagulation method 
(Sysmex Corporation, Kobe, Japan) and prothrombin time 
activity (PTA) was calculated using the following formula: PTA 
(%) = [PTcontrol ‑ (PTcontrol x 0.6)] / [PTtest ‑ (PTcontrol x 0.6)] x100.

LSM. LSM was performed using TE with an M‑probe 
(FibroScan; Echosens, Paris, France). Prior to LSM, patients 
had fasted overnight. A minimum of 10 valid measurements 
were acquired from each patient. LSM values were only 
considered valid and entered into the final analysis if the 
success rate of LSM measurements was >60%. Calculated 
median values of the valid measurements (expressed in kPa), 
reflected the relative liver stiffness for each patient at a specific 
time‑point.

Statistical analysis. Quantitative differences in liver stiffness 
between two points were analyzed by Student's t‑test. Percent-
ages were weighed by the Chi‑square test. Continuous variables 
were expressed as the mean ± standard deviation. Reductions 
of liver stiffness were compared using simple linear regres-
sion and multivariate analyses were performed using multiple 
linear regression, with adjustment for the covariates gender, 
age, AST, ALT, TBIL, AFP, HBV DNA, initial liver stiffness 

and the course of antiviral therapy prior to the initial LSM. All 
tests were two‑sided and P<0.05 was considered to indicate a 
statistically significant difference. SPSS version 18.0 (SPSS, 
Inc., Chicago, IL, USA) and SAS V.9.1 (SAS Institute, Inc., 
Cary, NC, USA) were used for all statistical analyses.

Results

Patient characteristics at baseline. Clinical and laboratory 
characteristics of participants at baseline and follow‑up are 
shown in Table I. A total of 334 CHB patients treated with 
NAs were enrolled in the present study, including 250 males 
and 84 females with a mean age of 47.49 years. Patients were 
assigned to group 0 when liver cirrhosis was absent (n=201) 
and to group 1 when liver cirrhosis was present (n=133).

No significant difference between the two groups was 
detected in demographic characteristics, including gender 
and family history of HBV infection. Furthermore, serum 
HBV DNA titer as well as HBeAg‑negative rate were not 
different between the two groups. However, the mean age 
in group 1 was higher than that in group 0 (49.41±9.36 vs. 
46.22±9.60 years, P=0.003). Furthermore, group 1 featured 
higher levels of baseline and follow‑up ALT (43.04±45.19 
vs. 39.25±56.89 IU/l, P=0.002; 36.12±26.32 vs. 26.11±14.09 
IU/l, P<0.001), AST (53.47±47.06 vs. 42.09±42.78 IU/l, 
P<0.001; 34.32±20.01 vs. 23.87±8.49 IU/l, P<0.001), TBIL 
(31.41±46.65 vs. 22.59±14.86 µmol/l, P=0.003; 26.17±14.83 
vs. 19.93±9.82 µmol/l, P<0.001), AFP levels (34.51±143.49 vs. 
20.65±72.11 ng/ml, P=0.005; 18.19±111.93 vs. 3.13±1.77 ng/ml, 
P<0.001) and liver stiffness (21.59±10.25 vs. 14.01±9.37 kPa, 
P<0.001; 15.76±9.52 vs. 10.29±28.64 kPa, P<0.001) compared 
to those in group 0. In addition, the course of drug treatment 
prior to the initial LSM in group 1 was shorter than that in group 
0 (566.47±785.38 vs. 832.34±896.33 days; P=0.002). However, 
group 0 had higher initial qHBsAg levels (2850.23±4914.02 
vs. 1208.87±1303.47 IU/ml; P=0.035) and PTA than group 1 
(88.49±12.72 vs. 75.23±14.98%; P<0.001).

Changes in liver biochemical markers and stiffness value. 
Biochemical markers significantly improved after patients 
in group 0 underwent long‑term oral antiviral therapy. For 
instance, initial and follow‑up levels were 42.09±42.78 
and 23.87±8.49  IU/l for AST (P<0.001), 39.25±56.89 and 
26.11±14.09  IU/l for ALT (P=0.002), 22.59±14.86 and 
19.93±9.82 µmol/l for TBIL (P=0.012) and 20.65±72.11 and 
3.13±1.77 ng/ml for AFP (P=0.001). The mean liver stiffness 
value at baseline was 14.01±9.37 kPa, which decreased to 
10.29±28.64 kPa at follow‑up; however, the difference was not 
significant (P=0.077).

Initial and follow‑up levels in group 1 were 53.47±47.06 
and 34.32±20.01  IU/l for AST (P<0.001), 43.04±45.19 
and 36.12±26.32 IU/l for ALT (P=0.116), 31.41±46.65 and 
26.17±14.83 µmol/l for TBIL (P=0.191) and 34.51±143.49 and 
18.19±111.93 ng/ml for AFP (P=0.179). The liver stiffness value 
significantly decreased from 21.59±10.25 to 15.76±9.52 kPa 
(P<0.001) during the 24 weeks of NA therapy.

Parameters correlated with the improvement of liver stiff-
ness. In group 0, univariate analysis suggested that a higher 
liver stiffness at baseline is a factor indicating a greater 
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decline of liver stiffness (P<0.001), while multivariate anal-
ysis suggested that higher AST levels (>40 IU/l; P<0.001) 
and lower ALT levels (≤40 IU/l; P<0.001) at baseline as well 
as higher AFP levels (>15 ng/ml) at follow‑up (P=0.031) 
are correlated with a significant reduction in liver stiffness 
(Table II).

In group 1, univariate analysis revealed that parameters 
that may predict a significant reduction of the liver stiffness 
value included a higher serum HBV DNA titer (>2000 IU/ml; 
P=0.001), higher serum AFP levels (>15 ng/ml) at baseline 
(P=0.045), a higher initial liver stiffness value (P<0.001) and 
a longer course of antiviral therapy prior to the initial LSM 
(P=0.040). Multivariate analysis revealed that lower total 
bilirubin levels (≤17.2 µmol/l) at follow‑up (P=0.005), a higher 
liver stiffness value at baseline (P<0.001) and a longer course 
of antiviral therapy prior to the initial LSM (P=0.003) were 
correlated with a significant reduction of liver stiffness values 
(Table III).

Discussion

CHB remains a global healthcare challenge, is complicated 
by the development of cirrhosis and hepatocarcinoma and 
accounts for ~600,000 mortalities per year (7).

Maximization of viral suppression with the objective of 
controlling liver fibrosis and preventing progression to clinical 
complications is the aim of treating chronic HBV infection (8). 
Certain studies have demonstrated that the degree of liver 
fibrosis in patients with CHB can be decreased by treatment 
with antiviral drugs. For instance, liver fibrosis improved 
in 35‑38% of lamivudine‑treated CHB patients and 36‑39% 
of ETV‑treated CHB patients after 1 year (9,10). Long‑term 
ETV treatment (>3  years) attenuated necroinflammatory 
activity in all patients and reduced liver fibrosis in 57‑100% 
of patients (11,12).

Liver biopsy provides liver tissue for assessing liver 
pathology, but its applications are limited due to its invasiveness, 

Table I. Clinical and laboratory findings for the two groups.

Characteristic	 Group 0 (n=201)	 Group 1 (n=133)	 P‑value

Age (years)	 46.22±9.60	 49.41±9.36	 0.003
Male gender, n (%)	 152 (76)	 98 (74)	 0.690
AST (IU/l)
  Baseline	 42.09±42.78	 53.47±47.06	 <0.001
  Follow‑up	 23.87±8.49a	 34.32±20.01a	 <0.001
ALT (IU/l)
  Baseline	 39.25±56.89	 43.04±45.19	 0.002
  Follow‑up 	 26.11±14.09b	 36.12±26.32	 <0.001
TBIL (µmol/l)
  Baseline	 22.59±14.86	 31.41±46.65	 0.003
  Follow‑up 	 19.93±9.82b	 26.17±14.83	 <0.001
PTA (%)
  Baseline	 88.49±12.72	 75.23±14.98	 <0.001
  Follow‑up 	 92.1±13.09	 79.24±15.16	 <0.001
AFP (ng/ml)
  Baseline	 20.65±72.11	 34.51±143.49	 0.005
  Follow‑up 	 3.13±1.77b	 18.19±111.93	 <0.001
Liver stiffness value (kPa)
  Baseline	 14.01±9.37	 21.59±10.25	 <0.001
  Follow‑up 	 10.29±28.64	 15.76±9.52a	 <0.001
HBV infection history (n)
  Yes/no	 91/110	 65/68	 0.519
HBeAg (n)
  Positive/negative	 96/105	 52/81	 0.119
Baseline HBV DNA (log10IU/ml)	 2.45±1.73	 2.65±1.66	 0.121
Baseline qHBsAg (IU/ml)	 2,850.23±4,914.02 	 1,208.87±1,303.47	 0.035
Therapy prior to initial LSM (days)	 832.34±896.33	 566.47±785.38	 0.002

Values are expressed as the mean±standard deviation or as the number and percentage in parentheses. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; TBIL, total bilirubin; AFP, α‑fetoprotein; HBV, hepatitis B virus; qHBsAg, quantitative HBV‑surface antigen; 
HBeAg, hepatitis B envelope antigen; LSM, liver stiffness measurement; PTA, prothrombin time activity. aP<0.001 and bP<0.05, values were 
significantly lower at 24 weeks after antiviral treatment than at the inception of the study.
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patient discomfort, sampling errors, inter‑observer variation 
and risk for complications of internal bleeding (13,14). LSM 
is one of the increasingly popular non‑invasive methods for 
detecting and grading liver fibrosis. Numerous studies have 
revealed that this method has good reproducibility, relative 
reflection of histology and clinical utility (14).

The present study investigated the impact of 24 weeks of 
oral antiviral therapy on liver stiffness in 334 patients. Each 
patient was evaluated by TE at baseline as well as at the end of 
the 24‑week period. The results revealed that liver injury and 
inflammation had significantly improved. The results further 
confirmed the efficacy of oral antiviral treatment in mitigating 
liver histopathology along with potent inhibition of HBV DNA 
replication.

In group 0, a significant reduction of AST, ALT, TBIL and 
AFP levels was observed after antiviral therapy. However, the 
liver stiffness value did not show a significant decline. This 
may be due to the fact that patients without liver cirrhosis had 
a better liver condition than those in group 1 when they were 
enrolled and their hepatic histological changes are based on 
necroinflammation. Wong et al  (15) prospectively studied 
patients with CHB undergoing liver biopsy twice before and at 
week 48 of antiviral treatment, revealing a significant decrease 
of the metavir fibrosis score, while the metavir activity score 
showed no significant change.

In group 1, a significant decline of the liver stiffness value 
and AST levels was observed. However, there were no signifi-
cant changes in the levels of ALT, TBIL and AFP, which is 
different from the results of a previous study (16). This may 
be due to the interval time between two examinations being 
6 months in the present study, which is shorter than that used 
previously. It appears that the necroinflammation requires 
more time to improve than fibrosis when liver cirrhosis is 
present.

In addition, the present study demonstrated that the decline 
of LSM values was associated with several virological and 
biochemical factors in CHB patients, which were principally 
consistent with previously published data (16).

In group 0, univariate analysis suggested that a higher liver 
stiffness value at baseline indicates a greater decrease of the 
liver stiffness value. Multivariate analysis showed that patients 
who had higher AFP levels at follow‑up as well as higher AST 
and lower ALT levels at baseline achieved a greater decline 
in liver stiffness. This indicated that, in non‑cirrhotic CHB 
patients, the improvement of liver stiffness is associated with 
liver inflammation at baseline and follow‑up. Furthermore, 
factors associated with poor liver parenchyma appeared to 
contribute to a greater decline of liver stiffness. This correla-
tion was in agreement with the findings by Kuo et al (16) on 
the effects of ETV on liver stiffness.

Similarly, in group 1, a higher liver stiffness at baseline 
contributed to a greater reversal of fibrosis, which is in accor-
dance with the results on patients without liver cirrhosis. In 
addition, higher serum AFP levels at baseline and a higher 
initial HBV DNA titer were correlated with a significant 
reduction of liver stiffness. Longer antiviral therapy duration 
prior to the initial LSM may predict a significant reduction 
of liver stiffness. Furthermore, multivariate analysis revealed 
that longer antiviral therapy duration prior to the initial 
LSM was associated with an improvement in liver fibrosis. It 

appears that in cirrhotic CHB patients, the duration of oral 
NA intake and the amount of viral replication significantly 
affect the efficacy of antiviral therapy, which is supported 
by the findings by Osakabe et al (11). The main limitation of 
the present study was that no liver histology was available for 
this cohort. Secondly, leading to a small number of subjects 
in our study, the impact of AST levels were not considered 
when patients were included, there is a need for further studies 
in large patients population which considering the impact of 
aminotransferase.

In conclusion, the present study evaluated changes in liver 
stiffness in 334 CHB patients who received oral antiviral treat-
ment in a 24‑week interval and found a significant decrease 
in liver stiffness values in patients with cirrhosis, while a 
decreasing trend was also observed in non‑cirrhotic patients. 
Higher liver stiffness values at baseline contributed to a greater 
reduction of liver stiffness in each group. In patients without 
cirrhosis, the reduction of liver stiffness was associated with 
liver inflammation, whereas it was associated with treatment 
duration prior to the first LSM and serum HBV DNA levels in 
patients with liver cirrhosis.
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